Background: Limited information exists regarding the natural progression of health-related quality of life (HRQOL) in the general population, as most research has been cross-sectional or has followed populations with specific medical conditions. Such norms are important to establish, because the effect of any intervention may be confounded by changes due to the natural progression of HRQOL over time. Methods: Participants were randomly selected from 9 Canadian cities and surrounding rural areas. Changes in the eight domains and 2 summary component scores of the Medical Outcomes Study 36-item short form (SF-36) were examined over a 5 year period (1996/1997-2001/2002). Mean changes were calculated for men and women within 10 year age categories. Multiple imputation was used to adjust for potential selection bias due to missing data. Results: The baseline sample included 6539 women and 2884 men. Loss to follow-up was 17% for women and 23% for men. Mean changes tended to be small, but there was an overall trend towards decreasing HRQOL over time. Changes were more pronounced in the older age groups and in the physically oriented domains. Younger age groups tended towards small mean improvements, particularly in the mentally oriented domains. Large standard errors suggest that on an individual level, large improvements in some participants are balanced by large declines in others. Conclusion: In general, the HRQOL of Canadians appears relatively stable over a 5 year period. However, care should be taken when assessing HRQOL longitudinally in certain age or gender groups, as changes associated with an intervention can potentially be confounded by the natural progression of HRQOL.
Introduction
The widespread use of the Medical Outcomes Study 36-item short form (SF-36) [1, 2] for the assessment of health-related quality of life (HRQOL) has resulted in a large body of literature estimating the burden of a variety of diseases and assessing the benefits of a wide range of treatments and interventions [1] [2] [3] [4] [5] [6] . The content of the SF-36 is based on earlier work of the Health Insurance Experiment (HIE), which had aimed to construct the best possible scales for measuring a broad array of functional status and well being concepts. The HIE clearly demonstrated that such tools were valid and reliable for assessing changes in health status in the general population [1] . However, little information is available regarding the natural progression of HRQOL in the general population, as most research using the SF-36 has been crosssectional or has followed populations with specific medical conditions [3, 7, 8] .
One longitudinal, population-based study examined British residents between 35 and 55 years of age at baseline, with a mean follow-up of 36 months [7] . They noted that cross-sectional data underestimated the within-person declines associated with increasing age, and emphasized the need for repeated measures of the SF-36 in population-based studies. A secondary analysis of a subset of civil servants between the ages of 54 and 59 at baseline noted small declines in physical functioning in both men and women, although mental functioning remained stable [9] .
A second population-based study assessed participants in the Canadian Multicentre Osteoporosis Study (CaMos) [8] who were between the ages of 40 and 59 years at baseline, also over a 3 year period. In general, it appeared that while the mean HRQOL of the participants remained fairly stable over 3 years, declines were more evident in the physical than the mental domains, as in the British study. Although mean HRQOL changes were small, the standard deviations of the observations were generally high, suggesting that a number of participants had large improvements while others had large declines, essentially canceling each other out. This suggests that changes in HRQOL following an intervention are probably not confounded by declines due to population aging, as long as the follow-up period is of relatively short duration, but whether this holds over longer periods of time is unknown. Moreover, little is known about the stability of SF-36 scores in younger (under 35 years) and older (over 60 years) men and women.
The initiation of CaMos in 1996 provided the opportunity to develop age-and sex-standardized norms for Canadians [10] , assess regional differences [11] , and more recently, examine changes over a 3 year follow-up for a subset of participants [8] . A follow-up of the full cohort took place 5 years after the baseline assessment, providing the opportunity to lengthen the follow-up period compared to the 3 year assessment, and expand the age range to include all adults ages 25 years and over. This information will provide the research community and health care professionals with some guidance as to how much change in HRQOL over time can be attributed to a natural evolution of HRQOL, and what can be attributed to an intervention or the progression of a chronic illness.
Methods
CaMos is an on-going, prospective cohort study of 9423 non-institutionalized, randomly selected men and women 25 years of age and older at baseline, drawn from a 50 km radius of nine Canadian cities (St John's, Halifax, Quebec City, Toronto, Hamilton, Kingston, Saskatoon, Calgary and Vancouver). A detailed description of the purpose, methodology and sampling framework for CaMos is available elsewhere [10, 12] . In brief, households within each region were selected by random draws of listed telephone numbers, and one randomly selected household member 25 years of age or older was asked to participate. Ethics approval was obtained through the Review Boards of each participating centre.
Baseline assessments took place between February 1996 and September 1997, and the 5 year follow-up took place between February 2001 and September 2002. The interviews were conducted in person at both time points, and included sociodemographic, family history, risk factors and lifestyle questions, as well as the Medical Outcomes Trust 36-item short form (SF-36) [1, 2] . The SF-36 yields 8 domain scores including physical functioning (PF), role physical (RP), role emotional (RE), bodily pain (BP), general health perceptions (GH), vitality (VT), social function (SF) and mental health (MH) [1] , as well as a Physical Component Summary (PCS) and a Mental Component Summary (MCS) [2] . Although a more recent SF-36 version is now available [3] , version 1.0 was used to increase the validity of comparisons between the two time points. In order to assess change over time, baseline scores were subtracted from the year 5 scores, so that positive values indicate improvement in HRQOL.
Multiple imputation [13] was used to adjust for possible selection bias, as not all subjects who provided baseline data also participated at year 5. Participants who had died were omitted from the analysis, because change scores are not defined for this population. Imputed values were derived from regression models predicting SF-36 changes over 5 years, using data from respondents with complete data at both time points. We developed separate models for each age and gender category. Variables considered for the models are presented in Appendix A, and were selected on the basis of empirical evidence and/or demonstrated association with HRQOL in other CaMos analyses. Variables entered into each of the models differed, depending on the age and gender category.
The BIC model selection criterion [14] was used to select the best predictive model for each domain and summary score. We then entered baseline data from those missing year 5 data into the models to impute the changes in scores. Simultaneous regression parameter estimations and multiple imputations for all missing data were carried out via a Gibbs sampler algorithm as implemented in Bugs software (version 0.603, Cambridge, Institute of Public Health, MRC Biostatistics Unit, 1995). We ran up to 20,000 iterations of the Gibbs sampler to ensure accurate estimation. Multiple values were imputed for each missing item, and final results were averaged across all imputations. The multiple values account for the fact that the missing data predicted from the regression models are not known with certainty. Table 1 outlines the loss to follow-up over the 5-year period. More women were lost to followup, but the percentage of men was greater (1109 or 17.0% women; 662 or 23.0% men). However, a substantial number of these preferred to do a short questionnaire over the telephone (282 women; 147 men), and as a result they did not have SF-36 data at the time of the 5-year follow-up. The other reasons for loss to follow-up include death (401 women; 243 men); unable to contact (149 women, 128 men), not interested (92 women, 25 men), too sick (69 women, 29 men), moved away (64 women and 59 men) and other (52 women, 31 men) which included reasons such as cancelled, no time or no reason given.
Results

Comparison of those with and without 5-year data
The baseline scores of those with and without 5-year follow-up data differed for a number of agedomain and age-component summary categories. For the women, those with a 5-year follow-up had higher scores in 40 of 48 (83.3%) age-domain cells and 11 of 12 (91.7%) age-component summary Higher scores represent better health status, so in general, those with follow-up had a better mean health status at baseline than those lost to followup. Results from those who provided data at both time points may be biased, and therefore the results in Tables 2-5 are based on the multiple imputation adjusted mean differences in scores from baseline to 5 years.
Variables selected for the best models for imputation of missing data differed for men and women, across the age strata and for each domain and summary score, and therefore are not described in detail. Appendix A contains the list of variables that contributed to change in one or more domains of the SF-36. In general, the baseline values of the SF-36 domain scores or component summary scores were included in the models, and these were always the strongest predictors.
Mean changes
The estimated mean changes for women and men are presented in Tables 2 and 3 , respectively, along with 95% credible intervals (CrIs). The CrI is the Bayesian analogue to frequentist confidence intervals, and provides an interval within which the true parameter value lies with 95% probability, given the data and any prior information included in the model. As we used very low information prior distributions for all analyses, the 95% CrIs are essentially based on information from the data alone. While the mean changes were not large, the standard deviations (SDs) of the observations were generally high, suggesting that large HRQOL improvements in some participants were cancelled out by large declines in others. Overall, for the 48 age-domain cells, the number of mean scores that declined outnumbered the number of mean scores that improved, for both men and women. Women reported HRQOL improvements in 21 of 48 (43.8%) age-domain cells; declines were noted in 27 of 48 (56.3%) agedomain cells. Men reported improvements in 19 of 48 (39.6%) age-domain cells, and declines in 29 of 48 (60.4%) age-domain cells.
For the component summary scores, improvements and declines were close to equal. Women improved in 7 of 12 (58.3%) and declined in 5 of 12 (41.7%) of the age-component summary cells. Men improved in 5 of 12 (41.7%), declined in 6 of 12 (50.0%) and stayed the same in 1 of 12 (8.3%) of the age-component summary cells. Declines were much more apparent in the physically oriented domains of PF, RP, BP and GH and the PCS, for both men and women. By contrast, the mentally oriented domains of VT, SF, RE and MH were more likely to improve, which was more pronounced in women.
Size of mean changes
There is debate in the literature about whether five or ten point changes are required for clinical relevance. A minimum change of five points is considered clinically and socially relevant by some [1] , while others consider a larger change of ten points as important [15, 16] . For both men and women, older age groupings showed much more decline than the younger age groupings, particularly in the physically oriented domains. For women, the PF for those 65-74 and 75+ years had a mean decline that exceeded five points. The mean change in VT also exceeded five points for the age group of 75+ years.
For men, mean changes greater than five points were seen for the PF domain in those 65-74 and 75+ years of age. For those 75+ years, the domains of RP and VT also showed mean declines of over five points. However, for the RE domain, women 25-34 years had a mean improvement of 5.0 points, while men 35-44 and 45-54 years had a mean improvement of 8.0 and 5.4 points, respectively.
In addition, for women the credible intervals were both negative for 24 of 27 (88.9%) agedomain groups that had a mean decline, as well as 4 of 5 (80.0%) of the age-component summary cells that showed a mean decline, suggesting real decline. Likewise, the CrIs were both positive for 20 of 21 (95.2%) of the age-domain cells that improved, and 6 of 7 (85.7) of the age-component summary cells that improved, suggesting real improvement. For men, the CrIs were both negative for 23 of 29 (79.3%) age-domain groups that had a mean decline, as well as 5 of 6 (83.3%) of the age-component summary cells that showed a mean decline, and both positive for 11 of 19 (57.9%) of the age-domain cells that improved, and 2 of 6 (33.3%) of the age-component summary cells that improved.
Percent changing by 10 points or more
In order to attain a better understanding of the distribution of moderate changes, Tables 4 (women) and 5 (men) contain the adjusted percentage of those who improved by P10 points, those who stayed within 10 points of their baseline score, and those who declined by P10 points. However, a 5-point change was used for the PCS and MCS, as the distribution of the summary scores is narrower for the PCS and 9-74 for the MCS [2] ).
Only one domain, BP for men 25-34 years, had a larger percentage who improved by P 10 points as compared to the percentage who declined by P 10 points or stayed within 10 points of their baseline score. Fourteen age-domain cells (9 for women, 5 for men) had more who declined by P 10 points than the percent who improved P 10 points or stayed within 10 points of their original score. These 14 are bolded in the two tables. Seven of these involved the BP domain (all but the youngest age group for women, and the two oldest age groups for men). The other 7 included PF for 
Discussion
There is a consistent trend across all age groups and in both men and women towards lower quality of life for the physically oriented domains (PF, RP, BP and GH) as age increases. However, most of the mentally oriented domains (SF, MH and particularly RE) showed small mean improvements despite increasing age. The Vitality domain was the exception; despite being considered one of the mentally oriented domains [2] , it showed more mean declines than improvements with advanced age.
While the overall trend was one of decline, the changes tended to be small. The majority of respondents exhibited changes that were less than 10 points in magnitude (5 points for the PCS and MCS), suggesting that in general, SF-36 scores display reasonable stability over time.
This finding is consistent with previous work. Hemingway et al. noted mean declines in all domain scores over a 3 year period, ranging from 0.3 (MH) to 3.0 (RP) in men and 0.3 (MH) to 2.4 (RP) in women with no physical or psychiatric disease [7] . Declines were larger for those with physical disease, psychiatric disease or both [7] . Previous work with a subset of the CaMos population (40-59 years) identified declines in 68.8% of the domain-age groups for women and 56.3% of the domain-age groups for men over a 3 year period [8] . Our results indicate that when examined over a 5 year period and including a wider age group (25-75+ years), 56.2% of the age-domain groups for women and 60.4% of the age-domain groups for men exhibit decline. The pattern of change remains similar. Previous data identified the greatest variability in the BP, VT and DF domains [8] , which was replicated in the current study. Direct comparison of the slopes of the changes is difficult as the age groupings are not the same. However, in general, domains that exhibited declines or improvements over the 3 year study exhibited similar declines or improvements over the 5 year study. Our results, as well as those of the two previous longitudinal studies [7, 8] , suggest that changes accumulated over time could become quite large.
This study is the first to assess change in younger (<35 years) and older (>55 years) age groups. HRQOL may improve quite substantially over time, particularly in the mentally oriented domains and in the younger age groups. For women, the mean change remains positive across all age groups for RE, and for MH, only those in the 75+ year group show a mean decline. For men, declines in the mentally oriented domains only become apparent after age 65 years. For the physically oriented domains, mean declines are more common for both men and women, particularly in those over 65 years of age.
The assessment of SF-36 change over time provides additional information for establishing meaningful change over time [17] . In general, changes in HRQOL following an intervention are probably not confounded with changes due to aging provided that the follow-up period is of relatively short duration. However, in some groups, and in particular the oldest age groups, it is possible that the effects of a beneficial treatment or intervention may not be evident, if the effect of the intervention is of the same magnitude (but in the opposite direction) as the HRQOL decline due to aging. It should be noted, however, that these results are based on a random sample of the population, which may have different HRQOL than patients selected for an intervention or a clinical trial.
One limitation of the study is the loss to followup, at 17% of the women and 23% of the men. In addition, a small proportion of those lost to follow-up indicated that they were too sick, which is selected loss to follow-up and may lead to a slight underestimation of the real natural progression of HRQOL. While multiple imputation was used to adjust for bias due to missing data, this technique also has assumptions and limitations. For example, we assumed that the baseline data were sufficiently detailed to predict 5 year changes, and that patterns of change were similar in both respondents and non-respondents after adjusting for baseline differences. Therefore, despite adjusting for baseline characteristics, we conclude that non-respondents at 5 years may still differ from those with complete data.
A second limitation is that the SF-36 domains have a pronounced ceiling effect in the general population for certain domains, in particular RP and RE. This is somewhat more pronounced in men and in younger age groups. An evaluation of change may therefore be underestimated by our inability to detect changes in those at the ceiling of the domain scores.
In conclusion, it appears that overall, the mean HRQOL of Canadian residents remains fairly stable over 5 years, as the majority of the mean differences were relatively small for most domain and age categories. However, large standard errors suggest that on an individual level, large improvements in some participants are balanced by large declines in others, resulting in small mean differences. Notable improvements are evident in the younger age groups in the mentally oriented domains, as are large declines in the older age groups in the physically oriented domains.
Care should therefore be taken when assessing HRQOL changes over time, as changes associated with a treatment or intervention can potentially be confounded by the natural progression of HRQOL over time. Changes in HRQOL may need to be examined within the context of the age, gender and SF-36 domain or component summary score under investigation.
